The focus of the paper is on the measurement of science education capability with a gender perspective.
Introduction
The education capability is a crucial dimension of child well-being. Many scholars within the capability approach have underlined its importance. It is an essential capability in its own, in expanding agency, and as a basis for other capabilities (Hart 2014; Terzi 2007 ).
Nussbaum (2003) provides a broad definition of this capability: "Capability of Senses Imagination and Thought: Being able to use the senses, to imagine, think, and reason and do these things in a "truly human" way informed and cultivated by an adequate education, including by no means limited to, literacy and basic material skills" (Nussbaum 2003, 41) . Biggeri and Libanora (2011) ask directly to children to define a list of capabilities and to give a value to the education capability: 92% of the children consider education a "very important" capability. Other researchers underline the importance of the capability approach to define a broader concept of education outcomes (Kelly 2012; Walker 2005) . In particular, schooling and tests' outcomes can be seen as a mean to enhance children opportunities in the capability approach.
Other authors in the capabilities literature propose definitions of the education capability (Terzi 2007; Nussbaum 1997; Hart 2014) and analyse the role of educational institutions in fostering human well-being (Hart 2014; Biggeri 2014; Vaughan and Walker 2012; Walker and Unterhalter 2007) .
Science and technology are considered a basic capability for educational functionings by Terzi (2007, 37) together with literacy, numeracy, sociality and participation, learning dispositions, physical activities and practical reason.
In this paper, we focus on the science education capability for Italian children in a gender perspective. Following the capability literature on education and the educational literature on noncognitive skills (Sikora and Pokropek 2012; Gutman and Schoon 2013) , we believe that the use of test scores is limited. In the capability approach, we aim at the real opportunities that children can develop later in life and therefore it is important to include some measures of non-cognitive skills.
We utilize, therefore, different indicators in addition to test scores in science: enjoyment in science, interest in science, general and personal values of science, self-efficacy (confidence in performing science related tasks), awareness and perception of environmental issues, and responsibility for sustainable development.
We apply the simplest Structural Equation Model, a Multiple Indicator Multiple Cause model (MIMIC), to OECD PISA 2006 micro-data for Italy. The MIMIC model implies that the science capability is a latent construct of which it is possible to observe only some functionings (the indicators listed above). The estimates allow the identification of individual, family and institutional factors that are correlated with the science education capability.
The Italian PISA data provide a relevant example of a country with low achievements on science test scores and high level of gender inequality in the society. OECD (2007) shows that the Italian average test score in science is equal to 475 (477 for males and 474 for females), against an OECD average equal to 500. Further, according to EIGE (2013) , the gender equality index in Italy is 40.9 against an EU-28 average by 54.
The paper is organized as follows: Section 2 presents the existing literature focusing on the gender gap in science, and on the family and institutional conversion factors referred to this capability. Data and descriptive statistics are provided in Section 3. The MIMIC model is described in Section 4 and the results of the estimated model are shown in Section 5. The last Section draws conclusions.
Gender differences in science
Gender differences in science test scores (and more in general in the so-called STEM: Science Technology Engineering and Math disciplines) are widespread in most countries in the world.
These differences justify the gender perspective that we take in this analysis. Among others, de San Roman and de La Rica Goiricelaya (2012) find math gender gaps among OECD countries. They find that the average gap in maths is equal to -8.64 in PISA 2009; this gap is lower for the lower percentiles (-7.01 for the 5th percentile and -20.33 for the 95th percentile). Moreover, they find that 4 differences in cultural and social norms across countries and across regions within the same country are crucial determinants in understanding gender differences in PISA 2009 test scores: girls perform relatively better in both math and reading in societies with high gender equality. In addition, they find substantial evidence for the intergenerational transmission of gender role attitudes, especially from mothers to daughters, as the performance of girls -not that of boys -is better in families where the mother works outside home.
The literature shows that the gender gap in sciences does not emerge until high school. This result suggests that gender differences are due to socialization and to the educational process rather than connected to biological factors (Good, Woodzicka, and Wingfield 2010; Bleeker and Jacobs 2004; Brownlow and Durham 1997) . Sikora and Pokropek (2012) using data from PISA 2006 surveys for 50 countries analyse gender differences in science and they find that the male-female gap in science self-concept (similar to our self-efficacy in Table 1 ) is larger in advanced industrial countries.
Family involvement
Parents' perception of child ability, parental involvement in homework, sex-stereotypes in parent's evaluation of children abilities affect achievements in science and children self-perception (amongst others: Jacobs 1991; Jacobs and Bleeker 2004; Jacobs and Eccles 1992; Bhanot and Jovanovic 2009; Twenge and Campbell 2001) . Though gender gaps are decreasing over time, boys have better access to science-related resources than girls .
Mothers' encouragement in science homework has a positive effect on girls' self-assessment of science ability, and a negative effect on boys' self-assessment. Mothers' science discussions have a similar effect on boys and girls beliefs about science (Bhanot and Jovanovic 2009) . Moreover, the effect of parental involvement on children's out-of-school activities related to sciences and math are related to children's interest in science also later on in their life .
Teaching Science
Different approaches to math and physics increase gender inequality in achievements. Problemsolving, class-discussions and investigative work improve girls' perfomances (Boaler 2002; Zohar and Sela 2003) . Boaler, Altendorff, and Kent (2011) analyse other factors affecting lower achievement in math and science, e.g. images shown in textbooks. Good, Woodzicka, and Wingfield (2010) show that, by using counter-stereotypic images with female scientists, girls' comprehension increases.
Moreover, children's overall self-perception of abilities is more affected by negative evaluation by others during teenagehood (Bhanot and Jovanovic 2009; Twenge and Campbell 2001) .
Data and descriptive statistics
We utilize the 2006 survey of the Programme for International Student Assessment (PISA) conducted by the OECD. Our sample consists of 8582 boys and 8369 girls. PISA tests are collected on 15 year old children.
The 2006 PISA survey contains a particular focus on sciences, which is useful to extend the estimation of the education capability in science beyond test results. In particular, in addition to the test scores, we use data on interest in science, enjoyment in science, science self-efficacy (confidence in performing science related tasks), general and personal values of science, science activities, perception of environmental issues, responsibility for sustainable development and awareness of environmental issues as indicators of the cognitive capability in science. Each of these additional dimensions is a synthetic index of a set of items. Table 1 Table 2 shows boys' and girls' achievements in terms of the indicators of the latent science education capability. Last column of Table 2 shows the gender gap (male-female mean). As expected, we find a gender gap in the test scores in favour of boys equal to 0.13 standard deviations: boys' scores are 0.06 standard deviations above the overall mean and girls' scores are 0.06 below the overall mean. Gender gaps are higher for performing science activities (+0.22) and for the general and personal value of science (+0.22 and +0.17 respectively). Boys' higher perception of personal value of science can also be correlated to different expectations in terms of future career. The percentage of male students in STEM's subjects in tertiary education is higher than that of girls (OECD 2012). In addition, STEM's related jobs are mainly males ).
Boys show also higher level of enjoyment in science (+0.10). Boys are better off than girls also in self-efficacy in science (+0.17), suggesting that boys are more confident (see Bhanot and Jovanovic 2009 for a survey). Boys show better achievements also in term of awareness of environmental problems (+0.17), and, to a lesser extent, in terms of interest in scientific topics (+0.02).
On the other hand, girls outperform boys in the perception of the gravity of environmental issues (by 0.17) and in the responsibility for carrying out activities towards sustainable development (by 0.08). Table 3 shows the description of the above-mentioned indicators and of exogenous individual, household and school variables. At the household level, we consider the following variables: an index on the household's possession of cultural goods; an index of educational resources in the household; mother and father education; mother and father occupational status, also in terms of socio-economic occupational status (see Ganzeboom, De Graaf, and Treiman 1992 ).
School's variables include hours of science at school, a variable for participative teaching methods, a factor describing the development of activities for the promotion of science at school, the shortage of science teachers. Table 4 shows descriptive statistics on the conversion factors described above. We have two types of variables: binary variables and continuous variables provided and scaled by PISA in a way similar to the one explained for the functioning indicators. Also in this table, we re-normalize continuous variables within our sample (i.e. the variables have been standardized to have zero mean and variance equal to one in the whole sample of boys and girls). Table 4 shows that about 3.5 percent of children in our sample are immigrant. Mothers and fathers show a very similar educational level but they are very different in terms of occupation: one third of the mothers do not work in the labour market, this is against about 2 percent of the fathers; fathers are also better off in terms of socio-economic occupational status. As for the school factors, boys are more likely than girls to enjoy interactive teaching methods, science promotion activities, more hours of science at school (about 30 percent of boys have more than 4 hours weekly, against 26 percent of girls).
The Multiple Indicator Multiple Causes model
In presenting the MIMIC model -the simplest Structural Equation Model -we first introduce notation. We let 
In contrast multiple indicator models (Muthén 1979) link multiple observed measures (in this case the ten indicators of the science education capability) to a reduced dimension of underlying latent variables (science education capability). In this instance a single indicator model is not appropriate since the moments we wish to estimate are of the form    .
In our application, we are not interested in the impact of individual characteristics on each of the dimensions of science education capability.
We have few priors on which to base hypothesis testing with respect to individual dimensions (for instance there is no reason to expect that mother education will affect test scores or interest in science).
We construct a system of equations which specify the relationship between an unobservable latent variable * Y (science education capability), a set of observable endogenous ordinal indicators O Y (the functionings), and a set of observable exogenous variables X (causes e.g. individual, school and household variables).
The structure of the model is as follows:
where
vector with each element representing an independent indicator of science education capability, denoted 
where  is a 1  s vector of parameters.
Examining (1) and (2) In this paper we define the science capability as a latent variable that is expressed through the set of observable functionings of Table 2 above: test scores, interest in science, enjoyment in science, science self-efficacy, general and personal values of science, science activities, perception of environmental issues, responsibility for sustainable development and awareness of environmental issues.
The development of this capability depends on the set of conversion factors listed in Table 3 and 4. Individual factors: child's gender and migration status. Household factors: cultural possession at home, educational resources in the household, mother's and father's education and employment status; school factors: hours of science at school, interactive teaching methods, activities for the promotion of science, and a shortage of qualified science teachers.
The model can be schematized as in Figure 1 .
FIGURE 1 APPROXIMATELY HERE

Results of the estimation of the MIMIC model
In this Section, we report the results of the estimation of the structural equation model presented above. In the estimation results, we show both the standardized and unstandardized solutions. Both are meaningful. The unstandardized solution is achieved by setting a lambda parameter equal to 1
and it also reports the standard errors and significance level of the variable coefficient. Looking at the structural model, the results (Table 6) show that the science capability is more developed for boys: looking at column one the coefficient for the female dummy is negative and statistically significant. This result leads us to estimate the same model on the two subsamples of boys and girls in order to analyse the differences in the effect of the conversion factors (second and third column).
Looking at the standardized coefficients, the most relevant variables are household's cultural possession, educational resources, number of hours dedicated to science, and interactive methods of teaching.
Cultural possession at home and educational resources have a positive and significant effect on the development of science capability for both girls and boys, and they are both higher for boys. This is consistent with previous literature (see for instance Peraita and Sánchez 1998 and, with regards to youngest children development, Yeung, Linver, and Brooks-Gunn 2002, amongst others).
The number of hours dedicated to science and interactive methods of teaching are positively correlated with both girls' and boys' science capability. Promotion activities in science have a lower positive parameter and it is significant for girls only. Being in a school characterized by a science teachers shortage negatively affects only boys' science capability. This can be determined by a higher need of teacher's supervision shown by boys in their education process.
Being a migrant does not significantly affect science capability. This is not consistent with other results where racial disparities continue to increase throughout high school (Bacharach, Baumeister, and Furr 2003) .
Parents' level of education plays a higher positive effect on girls'. In particular, the parameters for mothers' educational levels are only statistically significant for girls while fathers' education affects both girls and boys but with a higher effect on girls. These results are consistent Differently from what has been found in other contexts, for instance in UK by Boaler, Altendorff, and Kent (2011) , interactive methods of teaching do not play a positive role only for girls: in our estimates, they affect both boys' and girls' achievement in science. This result, though specific to the science education capability, is in line with the literature on the positive effect of participatory methods to the development of education capabilities (Hart 2014; Biggeri 2014 ).
On the other hand, promotion of science activities positively affects only girls' achievements in science. To reduce the gender gap in science, these types of activities should be promoted.
Finally, the fit of the model is satisfying as shown by the Standardized Root Mean Square
Residual (SRMR) below 0.08.
Conclusions
This paper analyses gender differences in science education capability in Italy, a country characterized by a lower than OECD-average achievement of test scores in science (according to PISA 2006 survey) and by a gender gap at the disadvantage of girls. We utilise a structural equation model, a technique increasingly used in the measurement of capabilities. We measure the education capability as a latent variables of which we observe ten indicators. All the chosen indicators significantly contribute to the latent science capability, showing that it is relevant not to limit the analysis to test scores.
The structural part of the estimated model reveals different impact of institutional and family variables by gender. In particular, we find that activities to promote sciences have a greater effect on girls' capability. Therefore, policies oriented to improve these activities could reduce the gender gap. Among the policies that can reduce the gender disparities in STEM subjects, OECD It is important to carry out regular checks on the emissions from car as a condition of their use It disturbs me when energy is wasted through the unnecessary use of electrical appliances I am in favour of having laws that regulate factory emission even if this would increase the price of products
To reduce waste the use of plastic packaging should be kept to a minimum Industries should be required to prove that they safely dispose of dangerous waste materials I am in favour of having laws that protect the habitats of endangered species Electricity should be produced from renewable sources as much as possible, even if this increases the cost
Awareness of environmental issues Student's replies on the awareness to the following environmental issues:
Greenhouse gases Genetically modified organisms Acid rain Nuclear waste Consequences of clearing forests Shortage of science teachers (principal) Binary = 1 if the school is lacking "to some extent" or "a lot" in qualified science teachers; 0 if "not at all" or "very little" Note: if "principal" is specified, the school's principal reports the information Source: Oecd PISA 2006 Robust standard errors in parentheses Notes: the reference category for parental education is parents with less than high school degree; for parental occupational status is working parents with sei code above the mean; for hours of science at school is zero hours. *** p<0.01; ** p<0.05; * p<0.10
